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3-Methyl-l-pentene asymmetric poly- 
merization of, 211, 213, 214 
Ziegler polymerization of, 209-211, 
213, 214 
4-Methyl-1-pentene, polymerization of, 
addition of activators, 201-202 
a-Methy] styrene, anionic polymeriza- 
tion of, 75 
block copolymers of, 88, 91 
deuterated anionic polymerization 
of, 77 
a-Methyl] benzyl methacrylate, anionic 
polymerization of, 80 
N-Methyl-a-methy] benzyl acrylamide, 
anionic polymerization of, 82 
2-Methyl-5-vinyl pyridine, block 
copolymers of, 91 
a,w-Methylene diisocyanates, anionic 
polymerization of, 79 
Monodisperse polymers, preparation 
of, 84-86 
Monoisocyanates, anionic polymeriza- 
tion of, 82 
Monometallic mechanism, 148-152 
Carrick proposal for, 148-149 
Cossee proposal for, 149-151, 181 
Duck proposal for, 153-154 
evidence for, from copolymerization 
studies, 168-169 
Friedlander and Oita proposal for, 153 
Ludlum proposal for, 148 
Nenitzescu proposal for, 148 
Rodriguez-van 


151-152 


Looy proposal for, 
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in stereoelective polymerization, 
215-216 

Van Helden and Kooyman proposal 
for, 153-154 

Morphology of polyolefins, crystallized 

from the melt and from solution, 
137-138 

prepared by a heterogeneous 
Ziegler catalyst, 137-138 

prepared by a soluble Ziegler 
catalyst, 137-138 


N 


Neutron inelastic scattering, basic 
features, 1, 2 
determination of lattice vibrations, 3 
effect of, degree of branching, 27 
degree of crosslinking, 27 
glass-transition temperature, 23, 
24, 27, 28 
sample density, 27-29 
temperature, 5, 23, 24, 27 
elastic-coherent scattering, 2 
elastic-incoherent scattering, < 
experimental results, 13-29 
inelastic-coherent scattering, < 
instrumentation, 9-12 
see also time-of-flight spectrom- 
eter, Triple-axis spectrometer 
neutron—nucleus interaction, 1 
normal-mode analyses, 13 


w 


w 


nuclear magnetic resonance corre- 
lation, 27 

nylon-6, 21-23 

one-phonon approximation, 5, 16 

n-paraffins, 18, 19, 21 

polarization vectors, calculation, 7 

polyethylene, 8, 13-19, 24, 25 

polypropylene, isotactic, 18-20, 25 

polytetrafluoroethylene, 26-29 

scattering cross section, 3-5 

scattering law, 3, 4 

scattering, types of, 2, 3 

spectra of hydrogenous polymers, 4,5 

theory of, 2-9 

use of, 2 
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2-Nitrobutene, anionic polymerization 


of, 82 

Nitroethylene, anionic polymerization 
of, 82 

Nitropropene, anionic polymerization 
of, 82 

Norborene, Ziegler polymerization of, 
243 


Nuclear magnetic resonance, 
aluminum-27 spectra, 167 
calculated spectra for polypropylene, 
52-54 
chemical shifts for polypropylene, 52 
correlation with neutron scattering 
studies, 27 
coupling constants for polypro- 
pylene, 52 
existence of Ti-C bond from, 167 
spectra of, isotactic polypropylene, 50 
syndiotactic polypropylene, 49 
study of deuterated polypropylene, 
48-49, 51-53 
Nylon-6, neutron scattering studies on, 
21-23 


oO 


Octamethylcyclotetrasiloxane, block 
copolymers of, 89, 90 

a-Olefins, Ziegler polymerization of, 
239-240 

Optically active Ziegler catalysts, 209 
211, 214 

Oxygen, activation of Ziegler catalysts 
by, 39, 218-219 

contamination of AlEt; by, 229 


P 


1,3 Pentadiene, stereoregular poly- 
merization of, 180-181, 186-187 

Perfluoropropylene, Ziegler polymeri- 
zation of, 249 

2-Pheny] butadiene, anionic polymeri- 
zation of, 82 


Phenyl isocyanate, anionic polymeri- 
zation of, 82 
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Phenyl methacrylate, anionic 
merization of, 82 
Phillips catalyst, 197, 199 


Poisson distribution, 72, 84 


poly- 


Polar monomers, Ziegler polymeriza- 
tion of, 249-252 
Polybutadiene, chain model of syndio- 
tactic, 137 
formation of functional end-groups, 
99-101 
microstructure of, 190-191 
monodisperse, 85 
structural repeating units, 118 
syndiotactic, 121-122 
cis-1,4-Polybutadiene, 
141, 171, 181 
trans-1,4-Polybutadiene, synthesis of, 
171, 181 
Poly-1-butene, 136, 138 
stereoregularity of, as a function of 
the metal alkyl, 160 
Polyethylene, calculation of polariza- 
tion vectors for, 7 


120, 122, 140, 


commercial, 120 
molecular weight of, as a function of 
metal alkyl, 161 
molecular weight distribution of, 238 
morphology of, 137 
neutron scattering studies on, 8, 
13-19, 24-25 
phase-frequency 
17, 24, 25 
Polyethylene oxide, formation of func- 
tional end-groups, 101 
Polyisoprene, formation of functional 


relationships, 13- 


end-groups, 101 
monodisperse, 85 
cis-1,4-Polyisoprene, 120, 122 
Poly-4-methyl-1-hexene, chromato- 
graphic resolution of, 210, 214 
Poly(methyl methacrylate), monodis- 
perse, 85 
Poly-(S)-3-methyl-1l-pentene, column 
support, in chromatographic 
resolution, 209-210 
Poly-4-methyl-1-pentene, 120 





SUBJECT 


Poly-a-methylstyrene, monodisperse, 
85 
Poly-a-olefins, synthesis of isotactic, 
121 
cis-1,4-Polypentadiene, chain model of, 
137 
isotactic,141 
Polypropylene, atactic, 36 
autoxidation of, as a function of 
tacticity, 66 
fractionation of, 189 
infrared studies of tacticity of, 56-60 
isotactic, 120,136 
calculated and observed neutron 
scattering bands, 18-20 
chain model of, 135 
chemical shifts and coupling con- 
stants, 52 
melting point of, 64, 134 
model for propagation, 182-183 
observed and calculated NMR 
spectra of, 50-56 
schematic representation of, 34 
molecular weight distribution 
238 
nuclear magnetic resonance studies 
on deuterated, 49, 51-53 
stereoregularity of, as a function of 
the metal alkyl, 158-160 
syndiotactic, 33-67 
chain conformation of, 60-62 
chain model of, 136 
characterization and properties 
of, 48-66 
chemical shifts and coupling 
constants, 52 
conformation in solution, 55, 65 
crystal density, 60-61 
crystallinity of, 61, 62, 64 
enthalpy of fusion of, 64 
glass transition temperature of, 65 
helical form, 61 
infrared spectra of, 57 
mean square dipole moment of, 65 
mean square end-to-end distance 
of, 65 
mechanical properties of, 65 


of, 
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melting point of, 63, 64, 136 
model for propagation, 44, 45, 46, 

185, 194-195 
observed and calculated NMR 
spectra of, 49, 51-56 
planar zigzag form, 62 
polymerization conditions, 40—42 
polymerization mechanisms, 43- 
48, 194-195 
schematic representation of, 35 
solubility of, 65 
synthesis by free-radical poly- 
merization, 48 
synthesis by Ziegler-type 
catalysts, 37-43, 121, 177, 193- 
195 
unit cell dimensions, 60 
x-ray studies of, 61, 63 
syndiotactic index, effect of aging of 
catalyst on, 41 
effect of, cyclohexene on, 39 
tert-butyl perbenzoate on, 40 
catalyst preparation tempera- 
ture on, 40 
electron donors on, 39, 46, 47 
oxygen on, 39 
polymerization time on, 40, 41 
solvent impurities on, 40 
polymerization temperature and, 
40, 41, 194 
tacticity from NMR, 48-56 
Polystyrene, formation of functional 
end-groups, 98, 99 
monodisperse, 85 
rate of crystallization of, 138 
Polytetrafluoroethylene, neutron 
scattering studies on, 26-29 
observed and calculated vibrational 
frequencies in, 26 
Propylene, block copolymer with 
ethylene, 42, 43, 255, 256 
copolymer with ethylene, 42, 43, 122, 
139, 166, 170-171, 175, 199, 221 
fractionation of, 189-190 
copolymers, reactivity ratios for, 252 
copolymers with dially] silanes, 250 
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kinetics of Ziegler polymerization of, 
230-233, 234, 235 


polymerization of, 37-48, 117, 125, 
127, 129, 130, 139-141, 177, 
197-199, 220-221, 224, 225, 229 

as a function of the metal alkyl, 163 


effect of electron donors on, 191 
192, 201-203, 205 

molecular weight during, 237 

in presence of triethylamine, 201 
203 

polymerization by metal alkyl-free 
catalysts, 169, 171, 172, 174 
N-Propyl-N-a-methy] benzyl 

acylamide, anionic polymeriza- 
tion of, 82 


R 


Radical mechanism, 152-154 
incompatibility with experimental 
findings, 156 
Nenitzescu proposal for, 152 
Topchiev proposal for, 152-153 
Ss 
Scandium, valence of, in Ziegler 
catalysts, 220 
Sn(C.H;5).-VClL—AIBr;, 122, 139, 140, 
221 
copolymerization of ethylene and 
propylene, 254 
structure of, 140 
Sorbic acid esters, anionic polymeriza- 
tion of, 75 
Star polymers, 93, 94 
Stereoelective polymerization, 
mechanism of, 212, 215-218 
Styrene, anionic polymerization of, 74 
block copolymers of, 88-89 
branched polymers from, 94 
copolymers with alkenyltrimethyl 
silanes, 190-191 
polymerization by soluble Ziegler 
catalysts, 142 
Syndiotactic index, 38-40, 41, 55, 57 


T 


Tacticity, definitions, 34-36 
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degree of, 35-36 
nomenclature, 34, 35 
Tetrahydrofuran, block copolymer of, 89 
Thiophene, Ziegler polymerization of, 
251 
Time-of-flight spectrometer, basic 
principles, 9-11 
nylon-6 distributions, 23 
polyethylene distributions, 15, 17, 25 
polypropylene distribution, 19 
polytetrafluoroethylene, 28, 29 
schematic representation of, 10 
utility of, 12 
valence of, in Ziegler catalysts, 218- 
223 
Titanium trichloride, a-form, 124-131, 
158-159, 184 
8-form, 124-127, 131, 158-159, 184 
changes in the physical state of, 
126-134 
composition and structure of, 123- 


128 
crystalline modifications of, 124-128, 
181, 188 


5-form, 124-126, 131, 134 

effect of mechanical grinding on 
activity of, 130-133 

effect of previous physical treatments 
on polymerization rate, 130 

y-form, 124-126, 130-133, 158-159, 


184 

location of active sites in, 125, 128, 
129 

reaction with aluminum alkyls, 164— 
169 


TiCl,; + Et;N, copolymerization of 
ethylene and propylene, 175 
polymerization of propylene, 175 


Tributylamine, addition to Ziegler 
systems, 201, 204, 205 
Triethylamine, addition to Ziegler 


systems, 37, 188, 192, 199-203, 
205 
Triethylvinylgermanium, anionic 
polymerization of, 82 
Triethylvinyltin, anionic polymeriza- 
tion of, 82 


SUBJECT INDEX 


Triple-axis spectrometer, basic 
principles, 9, 11-12 
schematic representation of, 11 
utility of, 12 
Triple-crystal spectrometer, see triple- 
axis spectrometer 


Vv 


Vanadium, valence of in Ziegler 
catalyst, 220-223 

Vanadium tetrachloride, 37, 38, 40 

Vanadium triacetylacetonate, 37, 38 

Vanadium trichloride, 
VCl., 220-221 

Van Hove spatial correlation function, 
4 

Vinyl acetate, anionic polymerization 
of, 82 

copolymer with vinyl chloride, 249 

9-Vinylanthracene, anionic polymeriza- 
tion of, 82, 83 

p-Viny| benzamide, anionic 
polymerization of, 83 


reduction to 


Viny] carbazole, Ziegler polymerization 
of, 250 
Viny] chloride, anionic polymerization 
of, 83 
copolymer with vinyl acetate, 249 
Ziegler polymerization of, 121, 249 
Viny] ethers, anionic polymerization of, 
83 
cationic polymerization of, 251 
copolymerization of, using Ziegler 
catalysts, 251 
Vinylidene chloride, anionic poly- 
merization of, 83 
Vinylidene cyanide, anionic poly- 
merization of, 83 
Vinyl isocyanate, anionic polymeriza- 
tion of, 83 
Vinyl ketones, anionic polymerization 
of, 83 
Vinyl monochloroacetate, anionic 
polymerization of, 82 
a-Viny! naphthalene, block copolymers 
of, 88 
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Viny] pyridine, anionic polymerization 
of, 83 
block copolymers of, 89, 91 


x 


X-ray analysis, of syndiotactic poly- 
propylene, 61, 63 


Z 


Ziegler catalyst, activation of, by oxy- 

gen, 39, 218-219 

activity of, compared to metal alkyl- 
free catalysts, 175 

addition of electron donors to, 39, 
46, 47, 187-188, 191-193, 199- 
208 

aging of, 40, 41 

asymmetry of bimetallic sites, 178 

catalyst preparation temperature 
and stereospecificity, 40-41, 139 

cleavage of catalyst crystals, 136 

colloidal dispersion, 141 

crystal structure and molecular 
structure of polymers, 184 

crystal surface, importance of, 176 

definition of, 120-121 

discovery of, 119 

effect on, of the physical state of the 
polymer, 122-123 

formation of polymer particles, 135- 
138 

heterogeneous type, 123-139, 254, 255 

instability of, 227-228 

mechanism of formation of an active 
site, 142-155 

nature of the growth center, 155-176 

number of active sites, 174-175 

optically active, 209-211, 214 

origin of metal—carbon bond in, 172- 
174 

physical state of the catalyst, 121- 

142 

reaction of TiCl, 
alkyls, 164-169 

sites of differing activity, 188-193 

soluble catalyst, 37-43, 122, 139-142, 
157-158, 254, 255, 137-138 


and aluminum 
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stability of metal-carbon bond, 
222-223 

transition metals having more than 
3d electrons, 197-198 

valence state of individual active 
sites, 221-223 

valence state of transition metal, 
218-223 

see also Bimetallic mechanism, 
Metal alkyl free catalyst, 
Monometallic mechanism 

Ziegler polymerization, activation 
energy of, 238 

activity of, as a function of the 
metal alkyl, 163 

asymmetric polymerization, 162, 
209-218 

base metal—carbon bond as the 
growth center, 156-164, 176 

chain transfer by metal alkyl, 236 

concentration dependence of 
kinetics, 228, 230-233 

concentration of sites in, 231, 235 

dependence of molecular weight on 
metal alkyl structure, 161 

deuterium transfer during, 162-163 

effect of bulkiness of added amines 
on, 192, 201 

electron donors and rate of, 199-208 

fractionation of copolymers from 
189-191 


fractionation of polymers from, 189 


helical model of propagation, 178 
179, 183, 185 

impurities effecting kinetics, 229 

kinetics of, 226-238 

lifetime of sites and growing polymer 
chains, 236-237 

ligand—monomer interaction model, 
180, 181, 187-193, 195-196 

metal alkyl and copolymerization, 
168 

metal—carbon bond as growth 
center, 156, 163 

mixing of catalyst components for, 
229 

model for syndiotactic propagation 
of polypropylene, 44-46 


SUBJECT 


INDEX 


molecular weight distributions 
from, 237, 238 
monomer-—metal alky] interaction 
model 182-183 
monomer—monomer interaction 
model, 183, 185, 193-195 
cis opening of double bond, 177 
orientation of diolefins 179-181, 
186-187 
origin of stereoregulation, 176-199 
polymerization temperature, 233 
radical mechanism for polar mono- 
mers, 249, 251 
rate constants of, 231, 236 
rate-determining step of, 234 
rates of, 230-231, 234-235 
stereospecificity of, as a function of 
the metal alkyl, 158-160, 177 
steric control of propagation, 178- 
183, 185 
structure of transition compound 
and copolymerization, 168 
termination of, 223-226 
by hydrogen, 224-225 
by metal alkyls, 224-225 
by organic chlorides, 160—162, 
175-176, 223, 224 
by thermal cleavage, 226 
by unsaturated compounds, 225- 
226 
transition metal—carbon bond as 
the growth center, 164-176, 
195-199 
transport of monomer to the site, 
229, 233 
unified model for, 195-199 
see also Copolymerization, Radical 
mechanism, Stereoelective 
polymerization 


ZnEt2-ScCl,, inactivity of, in 


propylene polymerization, 163, 
164 


ZnEt--TiCl;, addition of electron 


donors to, 200-203 
polymerization of propylene, 161, 
187-188 


Zn-bis-|(S)-2-methyl-butyl]-TiCh, 


asymmetric polymerization 
with, 162, 209-212, 214, 215 








